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Description
TECHNICAL FIELD

[0001] This disclosure relates to the technical field of
communications, and particular to an antenna routing
method and related devices.

BACKGROUND

[0002] With the progress of science and technology,
mobile terminals such as mobile phones, tablet comput-
ers, and the like are provided with antennas so as to
receive and transmit electromagnetic wave signals and
realize wireless communication. Multiple-input multiple-
output (MIMO) is a multi-antenna wireless communica-
tion system. Compared with a common single-input sin-
gle-output (SISO) system, MIMO can utilize multiple an-
tennas at a transmitting end to independently transmit
signals, and utilize multiple antennas at a receiving end
to receive and recover original information. MIMO has
attracted much attention in recent years because it can
significantly increase data throughput and transmission
distance of a communication system without increasing
bandwidth or total transmission power consumption. In
an antenna system of multiple operation modes compat-
ible with SISO and MIMO, low frequency correlation
among antennas is high, and thus performance of the
MIMO system is affected.

SUMMARY

[0003] Inafirstaspect, implementations provide anan-
tenna routing method. The method is applicable to a user
terminal equipment. The user terminal equipment in-
cludes multiple antenna groups distributed around a pe-
riphery of the user terminal equipment. Each antenna
group includes two antennas. Two antennas in each an-
tenna group are different in polarization direction. The
method includes the following.

[0004] Two antennas in any one antenna group of the
multiple antenna groups are enabled and one antenna
in each of two antenna groups adjacent to the any one
antenna group is enabled respectively, and a first signal
quality of the antennas enabled is measured, to obtain
multiple first signal qualities. A set of antennas with the
optimal first signal quality is determined according to the
multiple first signal qualities, to receive or transmit radio
frequency signals.

[0005] In a second aspect, implementations provide a
user terminal equipment. The user terminal equipment
includes a radio frequency front end module, multiple an-
tenna groups, at least one processor, and a non-transi-
tory computer readable storage.

[0006] The radio frequency front end module is config-
ured to control antennas to receive and transmit radio
frequency signals. The multiple antenna groups are dis-
tributed around a periphery of the user terminal equip-
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ment, where each antenna group includes two antennas.
The non-transitory computer readable storage is coupled
to the atleast one processor and stores at least one com-
puter executable instruction thereon which, when exe-
cuted by the at least one processor, causes the at least
one processor to: enable two antennas in any one an-
tenna group of the multiple antenna groups and enable
one antenna in each of two antenna groups adjacent to
the any one antenna group respectively, measure a sig-
nal quality of the antennas enabled, repeat the above for
at least two of the multiple antenna groups to obtain mul-
tiple signal qualities, and determine a set of antennas
with the optimal signal quality according to the multiple
signal qualities to receive or transmit radio frequency sig-
nals, when the antennas receive and transmit radio fre-
quency signals.

[0007] In a third aspect, implementations provide an
electronic device. The electronic device includes at least
one processor, a communication interface, and a non-
transitory computer readable storage coupled to the at
least one processor and storing at least one computer
executable instruction thereon. The at least one compu-
ter executable instruction, when executed by the at least
one processor, causes the at least one processor to: en-
able two antennas in any one antenna group of multiple
antenna groups of the electronic device and enable one
antenna in each of two antenna groups adjacent to the
any one antenna group respectively, and measure a first
signal quality of the antennas enabled, to obtain multiple
first signal qualities, where the multiple antenna groups
are distributed around a periphery of the electronic de-
vice, each antenna group includes two antennas, and
two antennas in each antenna group are different in po-
larization direction; and determine, according to the mul-
tiple first signal qualities, a set of antennas with the op-
timal first signal quality, to receive or transmit radio fre-
quency signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] To describe technical solutions in implementa-
tions of the present disclosure more clearly, the following
briefly introduces accompanying drawings required for
illustrating the implementations. Apparently, the accom-
panying drawings in the following description illustrate
some implementations of the present disclosure. Those
of ordinary skill in the art may also obtain other drawings
based on these accompanying drawings without creative
efforts.

FIG. 1 is a schematic diagram illustrating an appli-
cation system architecture of a user terminal equip-
ment according to implementations.

FIG. 2 is a schematic structural diagram illustrating
a user terminal equipment according to implemen-
tations.

FIG. 3 is a schematic structural diagram illustrating
the user terminal equipment of FIG. 2 with a housing
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removed according to implementations.

FIG. 4 is a flowchart illustrating an antenna routing
method according to implementations.

FIG. 5 is a schematic diagram illustrating a set of
antennas according to implementations.

FIG. 6 is a schematic diagram illustrating selection
of a set of antennas according to implementations.
FIG. 7 is a schematic diagram illustrating selection
of a set of antennas according to implementations.
FIG. 8 is a schematic diagram illustrating a set of
antennas according to implementations.

FIG. 9 is a schematic structural diagram illustrating
a user terminal equipment according to implemen-
tations.

FIG. 10is a schematic structural diagram illustrating
an electronic device according to implementations.
FIG. 11 is a block diagram of functional units of an
antenna routing device according to implementa-
tions.

DETAILED DESCRIPTION

[0009] To renderthose skilled in the art to understand
technical solutions of this application, the technical solu-
tions in implementations of the present disclosure will be
described clearly and completely hereinafter with refer-
ence to the accompanying drawings. Apparently, the de-
scribed implementations are merely some rather than all
implementations of the present disclosure. All other im-
plementations obtained by those of ordinary skill in the
art based on the implementations of the present disclo-
sure without creative efforts shall fall within the protection
scope of the present disclosure.

[0010] The terms "first", "second" used in the specifi-
cation, the claims, and the accompany drawings of the
present disclosure are used to distinguish different ob-
jects rather than describe a particular order. In addition,
the terms "include", "comprise", and "have" as well as
variations thereof are intended to cover non-exclusive
inclusion. Forexample, a process, method, system, prod-
uct, or apparatus including a series of operations or units
is not limited to the listed operations or units, it can op-
tionally include other operations or units that are not list-
ed; alternatively, other operations or units inherent to the
process, method, product, or device can be included ei-
ther.

[0011] The term "implementation" referred to herein
means that a particular feature, structure, or feature de-
scribed in connection with the implementation may be
contained in at least one implementation of the present
disclosure. The phrase appearing in various places in
the specification does not necessarily refer to the same
implementation, nor does it refer an independent or al-
ternative implementation that is mutually exclusive with
other implementations. It is expressly and implicitly un-
derstood by those skilled in the artthat an implementation
described herein may be combined with other implemen-
tations.
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[0012] FIG. 1is aschematicdiagram illustrating an ap-
plication system architecture of a user terminal equip-
ment according to implementations. As illustrated in FIG.
1, the userterminal equipment 10 is a customer premises
equipment (CPE). The user terminal equipment 10 is
configured to communicate with a base station 30, re-
ceive a first network signal sent by the base station 30,
and convert the first network signal into a second network
signal. The second network signal can be used by termi-
nal devices 20 such as a tablet computer, a smart phone,
a notebook computer, and the like. The first network sig-
nal may be, but is not limited to, a fifth generation (5G)
mobile communication technology signal. The second
network signal may be, but is not limited to, a wireless-
fidelity (Wi-Fi) signal. The CPE can be widely applied to
rural areas, towns, hospitals, factories, districts, and the
like. The first network signals which can be accessed by
the CPE can be wireless network signals, so that cost of
laying a wired network can be saved.

[0013] FIG. 2 is a schematic structural diagram illus-
trating a user terminal equipment according to implemen-
tations. As illustrated in FIG. 2, the user terminal equip-
ment includes a housing 200. The housing 200 may be
in a shape of a multi-surface cylindrical cylinder, a cylin-
drical cylinder, or other shapes, which are not limited
herein. The housing 200 may be made of, but is not lim-
ited to, an insulating material such as plastic. The user
terminal equipmentis a set of system combining software
and hardware. As illustrated in FIG. 2, the user terminal
equipment further includes multiple interfaces, where the
multiple interfaces include an external interface and the
external interface is used for electrically connecting with
an external antenna group. The user terminal equipment
furtherincludesinternal antennas and external antennas,
where the internal antennas and the external antennas
are used for transmitting and/or receiving radio frequency
signals. The user terminal equipment may include but is
not limited to a CPE. The CPE is a client of a novel optical
fiber user access network service, and is used for pro-
viding services such as wired broadband, etc. The CPE
is a mobile signal access device for receiving mobile sig-
nals and forwarding the mobile signals out via wireless
Wi-Fi signals, and is also an equipment for converting
network signals sent by a base station into Wi-Fi signals.
The user terminal equipment selects four antennas from
the internal antennas and the external antennas, to trans-
mit and/or receive radio frequency signals, for example,
receiving afirst signal sent by the base station, converting
the first signal into a second signal, and sending the sec-
ond signal to terminal devices such as a smart phone
and a tablet computer.

[0014] FIG. 3 is a schematic structural diagram illus-
trating the user terminal equipment of FIG. 2 with a hous-
ing removed according to implementations. The user ter-
minal equipment includes multiple antenna groups 310a
and a signal conversion device. The multiple antenna
groups 310a are distributed around a periphery of the
user terminal equipment. Each antenna group 310a in-
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cludes two antennas 310. The two antennas 310 in each
antenna group 310a are the same in orientation and are
different in polarization direction. The multiple antennas
310 are configured to receive a first network signal. The
signal conversion device is configured to select four an-
tennas 310 from the multiple antennas 310 to receive the
first network signal and configured to convert the first
network signal received by the selected four antennas
310 into a second network signal.

[0015] The multiple antenna groups may be, but is not
limited to, four antenna groups.

[0016] The antenna 310 may be, but is not limited to,
a receiving antenna for millimeter wave signal or tera-
hertz signal. Accordingly, the first network signal may be,
butis notlimited to, a millimeter wave signal or a terahertz
signal. Currently, in the 5G wireless systems, according
to the specification of the 3aGPP TS 38.101, two frequency
ranges are mainly used in 5G new radio (NR): frequency
range (FR)1 and FR2. The frequency range correspond-
ing to FR1 is 450 MHz~6 GHz, also known as the sub-6
GHz; the frequency range corresponding to FR2 is 24.25
GHz~52.6 GHz, usually called millimeter wave (mm
Wave). 3GPP (release 15) specifies the present 5G mil-
limeter wave as follows: n257 (26.5-29.5 GHz), n258
(24.25-27.5 GHz), n261 (27.5-28.35 GHz), and n260
(37-40 GHz). Millimeter wave signal or terahertz signal
has advantages such as fast transmission speed. How-
ever, millimeter wave signal or terahertz signal is easily
sheltered from by an external object. When there is an
object between the antenna 310 and the base station 3,
the first network signal received by the antenna 310 has
weak signal strength. In this case, if the first network sig-
nal with weak signal strength is converted into the second
network signal, a signal strength of the obtained second
network signal may also be weak. In explanation of the
implementations, the antenna 310 is a receiving antenna
for sub-6 GHz signal. Accordingly, the first network signal
isaradiofrequency signal inasub-6 GHz, and the second
network signal may be, butis notlimited to, a Wi-Fi signal.
[0017] The multiple antenna groups 310a may be dis-
posed around the periphery of the user terminal equip-
ment, which is not limited to the case where the multiple
antenna groups 310a surround the inside of the housing
200 for one or more circles. The multiple antenna groups
310a may be directly or indirectly disposed on an inner
wall of the housing 200 or disposed on other components,
as long as the multiple antenna groups 310a surround
the periphery of the user terminal equipment.

[0018] Due to uncertainty of the position of the base
station 3 transmitting the first network signal, the trans-
mission direction of the first network signal is uncertain.
The signal strength of the first network signal received
by the antenna 310 in each direction is also different. For
example, when an object obscures between the antenna
310 and the base station 3, the first network signal re-
ceived by the antenna 310 has weak signal strength. In
this case, if the first network signal with weak signal
strength is converted into the second network signal, a
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signal strength of the obtained second network signal
may also be weak. According to this application, the mul-
tiple antennas 310 are distributed around the periphery
of the user terminal equipment, such that the multiple
antennas 310 can detect first network signals in multiple
directions. In this way, accuracy of determining a first
network signal with the strongest signal strength accord-
ing to signal strengths of the collected first network sig-
nals can be improved, thereby providing a necessary ba-
sis for obtaining a second network signal(s) with stronger
signal strength. The signal conversion device selects one
or more first network signals with the strongest signal
strength received by the antennas 310 and converts the
one or more first network signals into one or more second
network signals, thereby improving signal strengths of
the converted second network signals.

[0019] In addition, the first network signal transmitted
by the base station 3 exhibits elliptical polarization due
to scattering and other reasons during propagation to the
user terminal equipment. Usually, the antenna 310 in a
certain polarization direction is unable to receive all en-
ergy of the first network signal, or even the energy of the
first network signal received by the antenna 310 in a cer-
tain polarization direction is very low. In this application,
two antennas 310 in one antenna group 310a are differ-
ent in polarization direction, which can improve a prob-
ability that the first network signal received by the two
antennas 310 in the antenna group 310a has higher en-
ergy.

[0020] In at least one example, one antenna group
310a includes two antennas 310. One antenna 310 of
the two antennas 310 in the same antenna group 310a
has a first polarization direction, and the other antenna
310 of the two antennas 310 in the same antenna group
310a has a second polarization direction, where the first
polarization direction and the second polarization direc-
tion are = 45° polarization directions, respectively.
[0021] As described above, the first network signal
transmitted by the base station 3 exhibits elliptical polar-
ization due to scattering and other reasons during prop-
agation to the user terminal equipment. A single antenna
310 in a horizontal polarization direction or a vertical po-
larization direction is unable to receive all of the energy.
In order to receive as much energy of the first network
signal as possible, two antennas 310 in mutually perpen-
dicular polarization directions are disposed in one anten-
na group 310a to receive the first network signal. As such,
the energy of the first network signal can be received at
any time in the antenna group 310a. However, during
transmission of the first network signal with vertical po-
larization or horizontal polarization, the first network sig-
nal becomes a first network signal with elliptical polari-
zation, and the first network signal with elliptical polari-
zation has inconsistent components in the vertical direc-
tion and the horizontal direction. If two antennas 310 in
0° and 90° linear polarization directions are respectively
used in the antenna group 310a, most of the first network
signal is received by one antenna 310. Therefore, to en-
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sure that two antennas 310 in the same antenna group
310a can be effectively used, the two antennas 310 in
the same antenna group 310a are respectively set to
have * 45° polarization directions, so that each antenna
310 in the same antenna group 310a can effectively re-
ceive the first network signal.

[0022] At present, to support the conventional 2/3/4G
network and 5G NR network by electronic devices such
as mobile phones and other mobile terminal products, a
four-antenna scheme is adopted in the design of the re-
lated wireless terminal products for the 5G NR band.
However, when used indoors, there are problems such
as serious energy consumption and heating, and large
attenuation in received signal and reduced data trans-
mission rate (throughput) with the base station.

[0023] In view of the above problems, this application
provides an antenna routing method. The following de-
scribes implementations of this application in detail with
reference to the accompanying drawings.

[0024] FIG.4isaflowchartillustrating an antenna rout-
ing method according to implementations. The method
is applicable to a user terminal equipment. The user ter-
minal equipment includes multiple antenna groups dis-
tributed around a periphery of the user terminal equip-
ment. Each antenna group includes two antennas. Two
antennas in each antenna group are different in polari-
zation direction. As illustrated in FIG. 4, the method be-
gins at S401.

[0025] At S401, the user terminal equipment enables
two antennas in any one antenna group of the multiple
antenna groups and enables one antenna in each of two
antenna groups adjacent to the any one antenna group
respectively, and measures a first signal quality of the
antennas enabled, to obtain multiple first signal qualities.
[0026] FIG. 5 is a schematic diagram illustrating a set
of antennas according to implementations. As illustrated
in FIG. 5, when the user terminal equipment detects star-
tup or network access, the optimal set of antennas se-
lected from the multiple antenna groups is used to access
anetwork of abase station. The network is a conventional
2/3/4G network and a 5G NR network, where the 5G NR
network includes an NSA (non-standalone)/SA (stan-
dalone) network. The user terminal equipment enables
the two antennas in the any one antenna group of the
multiple antenna groups and enables one antenna in
each of two antenna groups adjacent to the any one an-
tenna group respectively, and measures the first signal
quality of the antennas enabled. In an example, enable
antenna 1 and antenna 6, enable any one antenna in
each of two antenna groups adjacent to antenna 1 and
antenna 6, such as antenna 4 or antenna 8, and antenna
3 or antenna 7, and measure a first signal quality. Alter-
natively, enable antenna 4 and antenna 8, enable any
one antenna in each of two antenna groups adjacent to
antenna 4 and antenna 8, such as antenna 1 or antenna
6, and antenna 2 or antenna 5, and measure a first signal
quality. Alternatively, enable antenna 2 and antenna 5,
enable any one antenna in each of two antenna groups

10

15

20

25

30

35

40

45

50

55

adjacent to antenna 2 and antenna 5, such as antenna
4 or antenna 8, and antenna 3 or antenna 7, and measure
a first signal quality. Alternatively, enable antenna 3 and
antenna 7, enable any one antenna in each of two an-
tenna groups adjacent to antenna 3 and antenna 7, such
as antenna 1 or antenna 6, and antenna 2 or antenna 5,
and measure a first signal quality. It is to be noted that,
the enabled antennas are denoted with bold line.
[0027] At S402, the user terminal equipment deter-
mines a setof antennas with the optimal first signal quality
according to the multiple first signal qualities, to receive
or transmit radio frequency signals.

[0028] The user terminal equipment compares the
multiple first signal qualities measured, to determine the
optimal first signal quality and a corresponding set of an-
tennas, and receives or transmits radio frequency signals
through the determined set of antennas.

[0029] According to the implementations, the user ter-
minal equipment includes the multiple antenna groups
distributed around the periphery of the user terminal
equipment. Each antenna group includes two antennas.
Two antennas in each antenna group are different in po-
larization direction. The method includes the following.
The two antennas in the any one antenna group of the
multiple antenna groups are enabled and one antenna
in each of two antenna groups adjacent to the any one
antenna group is enabled respectively, and the first signal
quality of the antennas enabled is measured, to obtain
the multiple first signal qualities. The set of antennas with
the optimal first signal quality is determined according to
the multiple first signal qualities, to receive or transmit
radio frequency signals. As can be seen, by disposing
the multiple antenna groups on the housing of the user
terminal equipmentand selecting the set of antennas with
the optimal first signal quality for network access, it is
possible to realize automatic direction adjustment ac-
cording to an actual signal environment, and improve
communication efficiency of antennas and a data trans-
mission rate with the base station.

[0030] In at least one implementation, before the two
antennas in the any one antenna group of the multiple
antenna groups are enabled and one antenna in each of
two antenna groups adjacent to the any one antenna
group is enabled respectively and the first signal quality
of the antennas enabled is measured, the following is
further conducted. One antenna in each of the multiple
antenna groups is enabled. Multiple second signal qual-
ities are measured. An initial connection mode is started
to receive or transmit radio frequency signals according
to the multiple second signal qualities, where the initial
connection mode is one antenna in each antenna group
corresponding to the optimal second signal quality de-
termined from the multiple second signal qualities.
[0031] Beforethe two antennasinthe any one antenna
group of the multiple antenna groups are enabled and
one antenna in each of two antenna groups adjacent to
the any one antenna group is enabled respectively, one
antennain each ofthe multiple antenna groups is enabled
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and a second signal quality is measured when one an-
tenna in each of the multiple antenna groups is enabled
each time. Thereafter, the multiple second signal quali-
ties measured are compared to determine the optimal
second signal quality and a corresponding set of anten-
nas, and connect to the base station according to the
determined set of antennas for signal reception and
transmission.

[0032] FIG. 6is aschematic diagram illustrating selec-
tion of a set of antennas according to implementations.
FIG. 6 is a top view of the user terminal equipment. As
illustrated in FIG. 6, when the user terminal equipment
is started, or performs network access for the first time,
the user terminal equipment attempts to access the net-
work of the base station by using one antenna selected
from each of four antenna groups. The network is a con-
ventional 2/3/4G network and a 5G NR network, where
the 5G NR network includes an NSA/SA network. One
antenna in each of the multiple antenna groups can be
enabled as illustrated in FIG. 6, for example, a set of
antennas of antenna 1, antenna 2, antenna 3, and an-
tenna 4, or other sets of antennas (e.g., a set of antennas
of antenna 5, antenna 6, antenna 7, and antenna 8), but
each antenna group should have one antenna enabled
for access to the network of the base station.

[0033] Inanexample, after one antenna selected from
each antenna group is successfully accessed to the net-
work, the subsequent selection of antennas proceeds,
otherwise, exit the NSA/SA network connection attempt.
[0034] According to the implementation, the user ter-
minal equipment can determine a plane connection mode
by respectively enabling any one antenna in each of the
multiple antenna groups and measuring a corresponding
signal quality, so as to avoid call drop of the user terminal
equipment caused by poor signal quality during selection
of antennas, and ensure the best signal quality and per-
formance of the antennas in the plane connection mode.
[0035] In at least one implementation, the two anten-
nas in the any one antenna group of the multiple antenna
groups are enabled and one antenna in each of two an-
tenna groups adjacent to the any one antenna group is
enabled respectively as follows. Two antennas in any
one antenna group of the multiple antenna groups are
disabled, and a disabled antenna in an antenna group in
the middle among remaining antenna groups that are not
disabled is enabled.

[0036] In an example, one antenna in each of the mul-
tiple antenna groups can be enabled as illustrated in FIG.
6, for example, a set of antennas of antenna 1, antenna
2, antenna 3, and antenna 4. In this case, any one of
antenna 1, antenna 2, antenna 3, and antenna 4 is dis-
abled and a disabled antenna in an antenna group in the
middle is enabled.

[0037] According to the implementation, the user ter-
minal equipment can disable two antennas in any one
antenna group of the multiple antenna groups and enable
a disabled antenna in an antenna group in the middle
among remaining antenna groups that are not disabled,
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and further obtain first signal qualities to determine a set
of antennas. It is possible to avoid call drop of the user
terminal equipment caused by poor signal quality during
selection of sets of antennas, and ensure the best signal
quality and performance of the set of antennas in the
target angular-space.

[0038] In atleast one implementation, two antennas in
any one antenna group of the multiple antenna groups
are disabled and the disabled antenna in the antenna
group inthe middle among the remaining antenna groups
thatare notdisabled is enabled as follows. Two antennas
in any one antenna group of the multiple antenna groups
are disabled and a disabled antenna in a target antenna
group is enabled, in turn in a preset direction. The initial
connection mode is started, after the disabled antenna
in the target antenna group is enabled and a current sig-
nal quality is measured.

[0039] The selection of antennas can be achieved as
follows. For each of the multiple antenna groups, using
one enabled antenna in the each of the multiple antenna
groups as a reference, disable the enabled antenna in
the each of the multiple antenna groups and enable a
disabled antenna in a remaining antenna group which is
located at diagonal of the each of the multiple antenna
groups. As such, an arrangement in which antennas are
arranged in two planes are obtained. Try to access the
network and detect the signal quality of the antennas in
two planes. After the scheme of antennas in two planes
is adopted, return to the initial connection mode, in which
one antenna in each antenna group is enabled. There-
after, continue the next selection of antennas to avoid
call drop of the user terminal equipmentdue to poor signal
quality during selection of antennas.

[0040] FIG. 7 is a schematic diagram illustrating selec-
tion of a set of antennas according to implementations.
In an example, one antenna in each of the multiple an-
tenna groups can be enabled as illustrated in FIG. 6, for
example, a set of antennas of antenna 1, antenna 2, an-
tenna 3, and antenna 4. In this case, any one of antenna
1, antenna 2, antenna 3, and antenna 4 is disabled and
a disabled antenna in an antenna group in the middle is
enabled. As illustrated in FIG. 7, disable antenna 3 and
enable a disabled antenna in an antenna group in the
middle among remaining antenna 1, antenna 2, and an-
tenna 4, i.e., enable antenna 8, and record a current sig-
nal quality R1 of the antennas, and then return back to
the initial connection mode; disable antenna 1 and enable
a disabled antenna in an antenna group in the middle
among remaining antenna 3, antenna 2, and antenna 4,
i.e., enable antenna 5, and record a current signal quality
R2 of the antennas, and then return back to the initial
connection mode; disable antenna 2 and enable a disa-
bled antenna in an antenna group in the middle among
remaining antenna 1, antenna 3, and antenna 4, i.e., en-
able antenna 6, and record a current signal quality R3 of
the antennas, and then return back to the initial connec-
tion mode; disable antenna 4 and enable a disabled an-
tennain an antenna group in the middle among remaining
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antenna 1, antenna 2, and antenna 3, i.e., enable anten-
na 7, and record a current signal quality R4 of the anten-
nas.

[0041] According to the implementation, the user ter-
minal equipment can disable two antennas in any one
antenna group of the multiple antenna groups and enable
a disabled antenna in an antenna group in the middle
among remaining antenna groups that are not disabled,
and further obtain first signal qualities to determine a set
of antennas. It is possible to avoid call drop of the user
terminal equipment caused by poor signal quality during
selection of sets of antennas, and ensure the best signal
quality and performance of the set of antennas in the
target angular-space.

[0042] In an example, a spectrum efficiency algorithm
is performed on multiple sets of antennas in angular-
space as follows. After the user terminal equipment
switches a set of antennas in space of planes (shortened
to plane-space) to any one of the multiple sets of anten-
nas in angular-space, receives measurement informa-
tion corresponding to a current set ofantennasin angular-
space reported by a modem, where the measurement
information is a rank indicator, a signal-to-noise ratio
(SINR) value of each rank, a reference signal receiving
power, and a modulation order m of the current set of
antennas in angular-space in a preset period, and per-
forms the spectrum efficiency algorithm according to the
measurement information to determine spectrum effi-
ciency corresponding to the current set of antennas in
angular-space. The spectrum efficiency algorithm in-
cludes the following. According to a preset mapping re-
lation between channel quality indication (CQl) values
and SINR values, determine a CQl, value of each flow

in the SINR value, and according to a preset mapping
relation between CQI values and code rates, determine
a code rate R, corresponding to the CQl, value of each

flow; calculate the spectrum efficiency corresponding to
the current set of antennas in angular-space according
to a preset spectrum efficiency calculation formula,
where the preset spectrum efficiency calculation formula

— VRank
ma be: N= 2m=1 M * Ry, and n denotes spectrum
efficiency. Herein, the set of antennas in plane-space
means that only one antenna in each antenna group is
enabled for network access.

[0043] According to the implementation, the user ter-
minal equipment can select a set of antennas in angular-
space with the optimal signal quality according to meas-
urement information of the multiple sets of antennas in
angular-space, such that automatic direction adjustment
according to the actual network signal environment can
be realized and connection performance of the antennas
can be improved.

[0044] In at least one implementation, after the set of
antennas with the optimal first signal quality is deter-
mined according to the multiple first signal qualities to
receive or transmit radio frequency signals, the following
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is further conducted. An enabled antenna adjacent to a
first side of the any one antenna group is disabled, a
disabled antenna in an antenna group adjacent to a sec-
ond side of the any one antenna group is enabled, and
a current second signal quality is measured and record-
ed. An enabled antenna adjacent to the second side of
the any one antenna group is disabled, a disabled an-
tenna in an antenna group adjacent to the first side of
the any one antenna group is enabled, and a current
second signal quality is measured and recorded. Optimal
two antenna groups are determined according to the cur-
rent second signal qualities.

[0045] The optimal set of antennas is determined ac-
cording to the initial connection mode. The optimal set
of antennas is further determined according to the mul-
tiple measured first signal qualities. After the optimal set
of antennas is determined, the user terminal equipment
obtains multiple (e.g., two) collections of antenna groups
according to the optimal set of antennas, where each
collection includes two antenna groups, switches to each
collection and detects a signal quality, and compares the
two signal qualities to determine one collection, that is,
two antenna groups, with the optimal signal quality. As
such, a better signal quality can be obtained.

[0046] In an example, in the optimal set of antennas,
one antenna at one of two included angle sides is mutu-
ally switched to one antenna at the other of the two in-
cluded angle sides, and corresponding second signal
qualities R1a and R1b are measured. That s, in the op-
timal set of antennas, one enabled antenna at one of the
two included angle sides is disabled and one disabled
antenna at the other of the two included angle sides is
enabled. For example, disable antenna 4 and enable an-
tenna 7, to obtain two antenna groups and a correspond-
ing second signal quality R1a. Alternatively, disable an-
tenna 3 and enable antenna 8, to obtain two antenna
groups and a corresponding second signal quality R1b.
Thereafter, compare receiving effects of R1a and R1b,
and determine two antenna groups with the optimal effect
according to the receiving effects.

[0047] The currentsetofantennasis maintained within
a certain period T until a search period of the next auto-
matic adjustment of the set of antennas begins and a
better result is obtained, otherwise, the current result re-
mains unchanged.

[0048] When the signal quality of the optimal two an-
tenna groups is lower than the signal quality of the optimal
set of antennas, the current connection state of the an-
tennas is switch from the optimal two antenna groups to
the optimal set of antennas, for connecting the network
of the base station.

[0049] According to the implementation, the user ter-
minal equipment can determine two antenna groups with
the optimal second signal quality according to the optima
set of antennas. As such, automatic direction adjustment
according to the actual network signal environment can
be realized and connection performance of the antennas
can be improved.
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[0050] In at least one implementation, before one an-
tenna adjacent to the first side of the any one antenna
group is disabled, and the other antenna in the antenna
group adjacent to the second side of the any one antenna
group is enabled, the following is conducted. A first signal
quality of the optimal set of antennas is detected and
recorded. Switch to the other antenna (e.g., a first anten-
na) from one antenna (e.g., a second antenna) adjacent
to the first side of the any one antenna group, where the
first antenna and the second antenna are in a same an-
tenna group, and a first signal quality is measured and
recorded; and/or switch to the other antenna (e.g., a third
antenna) from one antenna (e.g., a fourth antenna) ad-
jacent to the second side of the any one antenna group,
where the third antenna and the fourth antenna are in a
same antenna group, and a first signal quality is meas-
ured and recorded. The first signal qualities are com-
pared to determine a set of antennas with the optimal
first signal quality.

[0051] It is to be noted that, "switch" herein means
switching of states, for example, mutual switching of
on/off states (i.e., enabled and disabled) of the antennas.
For example, switching to the first antenna from the sec-
ond antenna means that an on/off state of the second
antenna and an on/off state of the first antenna are mu-
tually switched. That s, if the second antenna is disabled
and the first antenna is enabled, after switching, the sec-
ond antenna is enabled and the first antenna is disabled.
[0052] According to the implementation, the user ter-
minal equipment can switch the set of antennas accord-
ing to the multiple first signal qualities when the network
is poor, so as to ensure stability of network connection
of the antennas of the user terminal equipment.

[0053] In at least one example, before one enabled
antenna in one of two antenna groups adjacent to the
any one antenna group is disabled and one disabled an-
tenna in the other of the two antenna groups is enabled,
the following is further conducted. A signal quality of the
current optimal set of antennas is detected and recorded.
Switch to the other antenna from one antenna in one of
the two antenna groups adjacent to the any one antenna
group, and a current signal quality is measured and re-
corded. The signal qualities are compared to determine
the set of antennas with the optimal signal quality.
[0054] To obtain the optimal antenna selection
scheme, before two antenna groups with the optimal sig-
nal quality are determined according to the set of anten-
nasinangular-space, polarization selection is further per-
formed on antennas at included angle sides of the set of
antennas in angular-space. For example, a set of anten-
nas in angular-space consisting of antenna 1, antenna
6, antenna 4, and antenna 3 is selected as an antenna
scheme with optimal signal quality. In a polarization
scene, compared with a signal quality of a set of antennas
consisting of antenna 1, antenna 6, antenna 8, and an-
tenna 7, the best antenna scheme can be selected.
[0055] According to the implementation, the user ter-
minal equipment can perform polarization selection ac-
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cording to the set of antennas in angular-space with the
optimal signal quality and determine a set of antennas in
angular-space with the optimal signal quality in the po-
larization scene. In this way, automatic direction adjust-
ment according to the actual network signal environment
can be realized and connection performance of the an-
tennas can be improved.

[0056] In at least one implementation, enable the two
antennas in the any one antenna group of the multiple
antenna groups and enable one antenna in each of two
antenna groups adjacent to the any one antenna group
respectively, and measure the first signal quality of the
antennas enabled, to obtain the multiple first signal qual-
ities as follows. A previous set of antennas with the op-
timal signal quality is enabled. A signal quality of the pre-
vious set of antennas with the optimal signal quality is
measured. The other antenna in an antenna group to
which one enabled antenna at one side in the previous
set of antennas with the optimal signal quality belongs is
enabled and one antenna in a disabled antenna group
adjacent to the antenna group to which one enabled an-
tenna at one side belongs is enabled, and one antenna
in an antenna group with two enabled antennas adjacent
to the antenna group to which one enabled antenna at
one side belongs is disabled and one enabled antenna
at the other side in the previous set of antennas with the
optimal signal quality is disabled.

[0057] FIG. 8 is a schematic diagram illustrating a set
of antennas according to implementations. As illustrated
in FIG. 8, when a first signal quality of the previous set
of antennas with the optimal signal quality is lower than
a preset first signal quality, for example, denoted by 8(1)
of FIG. 8, an optimal set of antennas denoted by 8(1) is
switched to a set of antennas denoted by 8(2) or denoted
by 8(3). Furthermore, a first signal quality is measured
respectively, to obtain multiple first signal qualities, and
the set of antennas with the optimal first signal quality is
determined according to the multiple first signal qualities.
[0058] According to the implementation, the user ter-
minal equipment can select the previous optimal set of
antennas based on previous (or historical) signal quali-
ties to access the network, so as to improve efficiency
and a success rate of network connection of the user
terminal equipment.

[0059] In at least one implementation, after the set of
antennas with the optimal first signal quality is deter-
mined according to the multiple first signal qualities, to
receive or transmit radio frequency signals, a suboptimal
set of antennas is enabled according to the multiple first
signal qualities when the user terminal equipment is dis-
connected and then reconnected to a network.

[0060] When disconnected from the network, the user
terminal equipment enables the set of antennas with sub-
optimal first signal quality directly according to the mul-
tiple measured first signal qualities, for receiving and
transmitting radio frequency signals.

[0061] According to the implementation, the user ter-
minal equipment can switch the set of antennas accord-
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ing to the multiple first signal qualities when the user ter-
minal equipment is disconnected from the network, so
as to ensure stability of network connection of the anten-
nas of the user terminal equipment.

[0062] In accordance with the implementation of FIG.
4, FIG. 9 is a schematic structural diagram illustrating a
user terminal equipment according to implementations.
The user terminal equipment includes a radio frequency
(RF) front end module 910, multiple antenna groups 920,
at least one processor (such as a processor 930), an
input/output (1/0) system 940, and a non-transitory com-
puter readable storage (such as a memory 950). As il-
lustrated in FIG. 9, the user terminal equipment includes
the RF frontend module 910, the multiple antenna groups
920, and the processor 930.

[0063] The RF front end module 910 is configured to
control antennas to receive and transmit radio frequency
signals. The RF front end module 910 includes multiple
RF circuits 911.

[0064] The multiple antennagroups 920 are distributed
around a periphery of the user terminal equipment, where
each antenna group includes two antennas. The multiple
antenna groups are electrically coupled with the RF front
end module through a peripheral interface 941 of the I/O
system 940.

[0065] The processor 930 is configured to enable two
antennas in any one antenna group of the multiple an-
tenna groups and enable one antenna in each of two
antenna groups adjacent to the any one antenna group
respectively, and measure a first signal quality of the an-
tennas enabled, to obtain multiple first signal qualities,
and determine, according to the multiple first signal qual-
ities, a set of antennas with the optimal first signal quality,
to receive and transmit radio frequency signals, when
the antennas receive and transmit radio frequency sig-
nals.

[0066] The memory 950 further includes an operating
system 951, a communication module 952, and a global
position system (GPS) module 953.

[0067] According to the implementations, the user ter-
minal equipment includes the multiple antenna groups
distributed around the periphery of the user terminal
equipment. Each antenna group includes two antennas.
Two antennas in each antenna group are different in po-
larization direction. The two antennas in the any one an-
tenna group of the multiple antenna groups are enabled
and one antenna in each of two antenna groups adjacent
to the any one antenna group is enabled respectively,
and the first signal quality of the antennas enabled is
measured, to obtain the multiple first signal qualities. The
set of antennas with the optimal first signal quality is de-
termined according to the multiple first signal qualities,
to receive or transmit radio frequency signals. As can be
seen, by disposing the multiple antenna groups on the
housing of the user terminal equipment and selecting the
set of antennas with the optimal first signal quality for
network access, it is possible to realize automatic direc-
tion adjustment according to an actual signal environ-
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ment, and improve communication efficiency of antennas
and a data transmission rate with the base station.
[0068] In at least one implementation, the processor
930 is further configured to: enable one antenna in each
of the multiple antenna groups; measure multiple second
signal qualities; and start an initial connection mode to
receive or transmit radio frequency signals according to
the multiple second signal qualities, where the initial con-
nection mode is one antenna in each antenna group cor-
responding to the optimal second signal quality deter-
mined from the multiple second signal qualities.

[0069] In at least one implementation, the processor
930 is further configured to: disable two antennas in any
one antenna group of the multiple antenna groups, and
enable a disabled antenna in an antenna group in the
middle among remaining antenna groups that are not
disabled.

[0070] In at least one implementation, the processor
930 is further configured to: disable two antennas in any
one antenna group of the multiple antenna groups and
enable a disabled antenna in a target antenna group, in
turn in a preset direction; and start the initial connection
mode after enabling the disabled antenna in the target
antenna group and measure a current signal quality.
[0071] In at least one implementation, the processor
930 is further configured to: disable an enabled antenna
adjacent to a first side of the any one antenna group,
enable a disabled antenna in an antenna group adjacent
to asecond side ofthe any one antenna group, and meas-
ure and record a current second signal quality; disable
an enabled antenna adjacent to the second side of the
any one antenna group, enable a disabled antenna in an
antenna group adjacent to the first side of the any one
antenna group, and measure and record a current sec-
ond signal quality; and determine optimal two antenna
groups according to the current second signal qualities.
[0072] In at least one implementation, the processor
930 is further configured to: detect and record a first sig-
nal quality of the optimal set of antennas; switch to the
other antenna from one antenna adjacent to the first side
of the any one antenna group, and measure and record
a first signal quality; and/or switch to the other antenna
from one antenna adjacent to the second side of the any
one antenna group, and measure and record a first signal
quality; and compare the first signal qualities to determine
a set of antennas with the optimal first signal quality.
[0073] In at least one implementation, the processor
930 is further configured to: enable a previous set of an-
tennas with the optimal signal quality; measure a signal
quality of the previous set of antennas with the optimal
signal quality; and enable the other antenna in an anten-
na group to which one enabled antenna at one side in
the previous set of antennas with the optimal signal qual-
ity belongs and enable one antenna in a disabled antenna
group adjacent to the antenna group to which one ena-
bled antenna at one side belongs, and disable one an-
tenna in an antenna group with two enabled antennas
adjacent to the antenna group to which one enabled an-
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tenna at one side belongs and disable one enabled an-
tenna at the other side in the previous set of antennas
with the optimal signal quality.

[0074] In at least one implementation, the processor
930 is further configured to: enable a suboptimal set of
antennas according to the multiple first signal qualities
when the user terminal equipment is disconnected and
then reconnected to a network.

[0075] In accordance with the implementation of FIG.
4, FIG. 10 is a schematic structural diagram illustrating
an electronic device 1000 according to implementations.
As illustrated in FIG. 10, the electronic device 1000 in-
cludes atleastone processor (such as a processor1010),
a communication interface 1030, a non-transitory com-
puterreadable storage (such as a memory 1020) coupled
to the at least one processor 1010 and the communica-
tion interface 1030 and configured to store at least one
computer executable instruction (such as one or more
programs 1021). The one or more programs 1021 are
configured to be executed by the processor 1010 and
include instructions configured to execute the following.
[0076] Two antennas in any one antenna group of the
multiple antenna groups are enabled and one antenna
in each of two antenna groups adjacent to the any one
antenna group is enabled respectively, and a first signal
quality of the antennas enabled is measured, to obtain
multiple first signal qualities. A set of antennas with the
optimal first signal quality is determined according to the
multiple first signal qualities, to receive or transmit radio
frequency signals.

[0077] Accordingto the implementations, the electron-
ic device includes the multiple antenna groups distributed
around the periphery of the electronic device. Each an-
tenna group includes two antennas. Two antennas in
each antennagroup are differentin polarization direction.
The two antennas in the any one antenna group of the
multiple antenna groups are enabled and one antenna
in each of two antenna groups adjacent to the any one
antennagroup is enabled respectively, and the first signal
quality of the antennas enabled is measured, to obtain
the multiple first signal qualities. The set of antennas with
the optimal first signal quality is determined according to
the multiple first signal qualities, to receive or transmit
radio frequency signals. As can be seen, by disposing
the multiple antenna groups on the housing of the elec-
tronic device and selecting the set of antennas with the
optimal first signal quality for network access, it is possi-
ble to realize automatic direction adjustment according
to an actual signal environment, and improve communi-
cation efficiency of antennas and a data transmission
rate with the base station.

[0078] In atleastone implementation, the one or more
programs further include instructions configured to per-
form the following before the two antennas in the any one
antenna group of the multiple antenna groups are ena-
bled and one antenna in each of two antenna groups
adjacent to the any one antenna group is enabled re-
spectively and the first signal quality of the antennas en-
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abled is measured. One antenna in each of the multiple
antenna groups is enabled. Multiple second signal qual-
ities are measured. An initial connection mode is started
to receive or transmit radio frequency signals according
to the multiple second signal qualities, where the initial
connection mode is one antenna in each antenna group
corresponding to the optimal second signal quality de-
termined from the multiple second signal qualities.
[0079] In at least one implementation, in terms of en-
abling the two antennas in the any one antenna group of
the multiple antenna groups and enabling one antenna
in each of two antenna groups adjacent to the any one
antenna group respectively, the instructions of the one
or more programs are configured to perform the follow-
ing. Two antennas in any one antenna group of the mul-
tiple antenna groups are disabled, and a disabled anten-
na in an antenna group in the middle among remaining
antenna groups that are not disabled is enabled.
[0080] In at least one implementation, in terms of dis-
abling two antennas in any one antenna group of the
multiple antenna groups, and enabling the disabled an-
tenna in the antenna group in the middle among the re-
maining antenna groups that are not disabled, the in-
structions of the one or more programs are configured
to perform the following. Two antennas in any one an-
tenna group of the multiple antenna groups are disabled
and a disabled antenna in a target antenna group is en-
abled, sequentially along a preset direction. The initial
connection mode is started, after the disabled antenna
in the target antenna group is enabled and a current sig-
nal quality is measured.

[0081] In atleast one implementation, the one or more
programs further include instructions configured to per-
form the following after the set of antennas with the op-
timal first signal quality is determined according to the
multiple first signal qualities to receive or transmit radio
frequency signals. An enabled antenna adjacent to a first
side of the any one antenna group is disabled, a disabled
antenna in an antenna group adjacent to a second side
of the any one antenna group is enabled, and a current
second signal quality is measured and recorded. An en-
abled antenna adjacent to the second side of the any one
antenna group is disabled, a disabled antenna in an an-
tenna group adjacent to the first side of the any one an-
tenna group is enabled, and a current second signal qual-
ity is measured and recorded. Optimal two antenna
groups are determined according to the current second
signal qualities.

[0082] In atleast one implementation, the one or more
programs further include instructions configured to per-
form the following before one antenna adjacent to the
first side of the any one antenna group is disabled, and
the other antenna in the antenna group adjacent to the
second side of the any one antenna group is enabled. A
first signal quality of the optimal set of antennas is de-
tected and recorded. Switch to the other antenna from
one antenna adjacent to the first side of the any one an-
tenna group, and a first signal quality is measured and
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recorded; and/or switch to the other antenna from one
antenna adjacent to the second side of the any one an-
tenna group, and a first signal quality is measured and
recorded. The first signal qualities are compared to de-
termine a set of antennas with the optimal first signal
quality.

[0083] In at least one implementation, in terms of en-
abling the two antennas in the any one antenna group of
the multiple antenna groups and enabling one antenna
in each of two antenna groups adjacent to the any one
antenna group respectively, and measuring the first sig-
nal quality of the antennas enabled, to obtain the multiple
first signal qualities, the instructions of the one or more
programs are configured to perform the following. A pre-
vious set of antennas with the optimal signal quality is
enabled. A signal quality of the previous set of antennas
with the optimal signal quality is measured. The other
antenna in an antenna group to which one enabled an-
tenna at one side in the previous set of antennas with
the optimal signal quality belongs is enabled and one
antenna in a disabled antenna group adjacent to the an-
tenna group to which one enabled antenna at one side
belongs is enabled, and one antennain an antenna group
with two enabled antennas adjacentto the antenna group
to which one enabled antenna at one side belongs is
disabled and one enabled antenna at the other side in
the previous set of antennas with the optimal signal qual-
ity is disabled.

[0084] In atleast one implementation, the one or more
programs further include instructions configured to ena-
ble a suboptimal set of antennas according to the multiple
first signal qualities when the electronic device is discon-
nected and then reconnected to a network, after the set
of antennas with the optimal first signal quality is deter-
mined according to the multiple first signal qualities, to
receive or transmit radio frequency signals.

[0085] The foregoing solution of the implementations
of the disclosure is mainly described from the viewpoint
of execution process of the method. It can be understood
that, in order to implement the above functions, the elec-
tronic device or the user terminal equipment includes
hardware structures and/or software modules corre-
sponding to the respective functions. Those skilled in the
art should readily recognize that, in combination with the
example units and scheme steps described in the imple-
mentations disclosed herein, the present disclosure can
beimplemented in hardware or acombination of the hard-
ware and computer software. Whether a function is im-
plemented by way of the hardware or hardware driven
by the computer software depends on the particular ap-
plication and design constraints of the technical solution.
Those skilled in the art may use different methods to im-
plement the described functions for each particular ap-
plication, but such implementation should not be consid-
ered as beyond the scope of the present disclosure.
[0086] According to the implementations of the disclo-
sure, functional units may be divided for the user device
equipment in accordance with the foregoing method ex-
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amples. For example, each functional unit may be divided
according to each function, and two or more functions
may be integrated in one processing unit. The above-
mentioned integrated unit can be implemented in the
form of hardware or software functional units. It should
be noted that the division of units in the implementations
of the present disclosure is schematic, and is merely a
logical function division, and there may be other division
manners in actual implementation.

[0087] FIG. 11 is a block diagram of functional units of
an antenna routing device 1100 according to implemen-
tations. The antenna routing device 1100 is applicable
to a user terminal equipment. The user terminal equip-
ment includes multiple antenna groups distributed
around a periphery of the user terminal equipment. Each
antenna group includes two antennas. Two antennas in
each antenna group are different in polarization direction.
The device includes a processing unit 1101 and a com-
munication unit 1102.

[0088] The processing unit 1101 is configured to ena-
ble two antennas in any one antenna group of the multiple
antenna groups and enable one antenna in each of two
antenna groups adjacent to the any one antenna group
respectively, measure a signal quality of the antennas
enabled, repeat the above for at least two of the multiple
antenna groups to obtain multiple signal qualities, and
determine a set of antennas with the optimal signal quality
according to the multiple signal qualities.

[0089] The antenna routing device 1100 may further
include a storage unit 1103 for storing program codes
and data of the user terminal equipment. The processing
unit 1101 may be a processor, the communication unit
1102 may be a touch display screen or a transceiver, and
the storage unit 1103 may be a memory.

[0090] According to the implementations, the user ter-
minal equipment includes the multiple antenna groups
distributed around the periphery of the user terminal
equipment. Each antenna group includes two antennas.
Two antennas in each antenna group are different in po-
larization direction. The two antennas in the any one an-
tenna group of the multiple antenna groups are enabled
and one antenna in each of two antenna groups adjacent
to the any one antenna group is enabled respectively,
and the first signal quality of the antennas enabled is
measured, to obtain the multiple first signal qualities. The
set of antennas with the optimal first signal quality is de-
termined according to the multiple first signal qualities,
to receive or transmit radio frequency signals. As can be
seen, by disposing the multiple antenna groups on the
housing of the user terminal equipment and selecting the
set of antennas with the optimal first signal quality for
network access, it is possible to realize automatic direc-
tion adjustment according to an actual signal environ-
ment, and improve communication efficiency of antennas
and a data transmission rate with the base station.
[0091] In at least one implementation, the processing
unit 1101 is further configured to: enable one antenna in
each of the multiple antenna groups; measure multiple
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second signal qualities; and start an initial connection
mode to receive or transmit radio frequency signals ac-
cording to the multiple second signal qualities, where the
initial connection mode is one antenna in each antenna
group corresponding to the optimal second signal quality
determined from the multiple second signal qualities, be-
fore the two antennas in the any one antenna group of
the multiple antenna groups are enabled and one anten-
na in each of two antenna groups adjacent to the any
one antenna group is enabled respectively and the first
signal quality of the antennas enabled is measured.
[0092] In at least one implementation, in terms of en-
abling the two antennas in the any one antenna group of
the multiple antenna groups and enabling one antenna
in each of two antenna groups adjacent to the any one
antenna group respectively, the processing unit 1101 is
configured to: disable two antennas in any one antenna
group of the multiple antenna groups, and enable a dis-
abled antenna in an antenna group in the middle among
remaining antenna groups that are not disabled.

[0093] In at least one implementation, in terms of dis-
abling two antennas in any one antenna group of the
multiple antenna groups, and enabling the disabled an-
tenna in the antenna group in the middle among the re-
maining antenna groups that are not disabled, the
processing unit 1101 is configured to: sequentially disa-
ble two antennas in any one antenna group of the multiple
antennagroups and enable adisabled antenna in a target
antenna group, along a preset direction; and start the
initial connection mode after enabling the disabled an-
tennain the target antenna group and measure a current
signal quality.

[0094] In at least one implementation, the processing
unit 1101 is further configured to: disable one antenna
adjacent to a first side of the any one antenna group,
enable the other antenna in an antenna group adjacent
to asecond side of the any one antenna group, and meas-
ure and record a current second signal quality; disable
one antenna adjacent to the second side of the any one
antenna group, enable the other antenna in an antenna
group adjacent to the first side of the any one antenna
group, and measure and record a current second signal
quality; and determine optimal two antenna groups ac-
cording to the current second signal qualities, after the
set of antennas with the optimal first signal quality is de-
termined according to the multiple first signal qualities to
receive or transmit radio frequency signals.

[0095] In at least one implementation, the processing
unit 1101 is further configured to: detect and record a
first signal quality of the optimal set of antennas; switch
to the other antenna from one antenna adjacent to the
first side of the any one antenna group, and measure and
record a first signal quality; and/or switch to the other
antenna from one antenna adjacent to the second side
of the any one antenna group, and measure and record
afirst signal quality; and compare the first signal qualities
to determine a set of antennas with the optimal first signal
quality, before one antenna adjacent to the first side of
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the any one antenna group is disabled, and the other
antenna in the antenna group adjacent to the second
side of the any one antenna group is enabled.

[0096] In at least one implementation, in terms of en-
abling the two antennas in the any one antenna group of
the multiple antenna groups and enabling one antenna
in each of two antenna groups adjacent to the any one
antenna group respectively, and measuring the first sig-
nal quality of the antennas enabled, to obtain the multiple
first signal qualities, the processing unit 1101 is config-
ured to: enable a previous set of antennas with the opti-
mal signal quality; measure a signal quality of the previ-
ous set of antennas with the optimal signal quality; and
enable the other antenna in an antenna group to which
one enabled antenna at one side in the previous set of
antennas with the optimal signal quality belongs and en-
able one antenna in a disabled antenna group adjacent
to the antenna group to which one enabled antenna at
one side belongs, and disable one antennain an antenna
group with two enabled antennas adjacentto the antenna
group to which one enabled antenna at one side belongs
and disable one enabled antenna at the other side in the
previous set of antennas with the optimal signal quality.
[0097] In at least one implementation, the processing
unit 1101 is further configured to: enable a suboptimal
set of antennas according to the multiple signal qualities
when the user terminal equipment is disconnected and
then reconnected to a network, after the set of antennas
with the optimal signal quality is determined according
to the multiple signal qualities, to receive or transmit radio
frequency signals.

[0098] It can be understood that, the method imple-
mentations and the device implementations are different
presentation forms of the same technical concept, and
thus in this application, contents of the method imple-
mentations should be adapted to the device implemen-
tations, which is not repeated herein.

[0099] Implementations of the present disclosure fur-
ther provide a computer storage medium. The computer
storage medium may store computer programs for elec-
tronic data interchange. When executed, the computer
programs cause a computer to accomplish all or part of
the operations of any of method described in the above
method implementations. The computer includes a user
terminal equipment.

[0100] Implementations of the present disclosure fur-
ther provide a computer program product. The computer
program product includes a non-transitory computer
readable storage medium storing computer programs.
The computer programs are operable with a computer
to accomplish all or part of the operations of any of the
methods described in the above method implementa-
tions. The computer program product may be a software
installation package. The computer includes a user ter-
minal equipment.

[0101] Itis to be noted that, for the sake of simplicity,
the foregoing method implementations are described as
a series of action combinations, however, it will be ap-
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preciated by those skilled in the art that the present dis-
closure is not limited by the sequence of actions de-
scribed. That is because that, according to the present
disclosure, certain steps or operations may be performed
in other order or simultaneously. Besides, it will be ap-
preciated by those skilled in the art that the implementa-
tions described in the specification are exemplary imple-
mentations and the actions and modules involved are
not necessarily essential to the present disclosure.
[0102] In the foregoing implementations, the descrip-
tion of each implementation has its own emphasis. For
the parts not described in detail in one implementation,
reference may be made to related descriptions in other
implementations.

[0103] In the implementations of the disclosure, it
should be understood that, the device disclosed in im-
plementations provided herein may be implemented in
other manners. For example, the device/apparatus im-
plementations described above are merely illustrative;
for instance, the division of the unit is only a logical func-
tion division and there can be other manners of division
during actual implementations, for example, multiple
units or components may be combined or may be inte-
grated into another system, or some features may be
ignored, omitted, or not performed. In addition, coupling
or communication connection between each illustrated
or discussed component may be direct coupling or com-
munication connection via some interfaces, or may be
indirect coupling or communication among devices or
units, and may be electrical connection, or other forms
of connection.

[0104] The units described as separate components
may or may not be physically separate, the components
illustrated as units may or may not be physical units, that
is, they may be in the same place or may be distributed
to multiple network elements. Part or all of the units may
be selected according to actual needs to achieve the pur-
pose of the technical solutions of the implementations.
[0105] Inaddition, the functional units in various imple-
mentations of the present disclosure may be integrated
into one processing unit, or each unit may be physically
present, or two or more units may be integrated into one
unit. The above-mentioned integrated unit can be imple-
mented in the form of hardware or a software function
unit.

[0106] The integrated unit may be stored in a compu-
ter-readable memory when it is implemented in the form
of a software functional unit and is sold or used as a
separate product. Based on such understanding, the
technical solutions of the present disclosure essentially,
or the part of the technical solutions that contributes to
the related art, or all or part of the technical solutions,
may be embodied in the form of a software product which
is stored in a memory and includes instructions for caus-
ing a computer device (which may be a personal com-
puter, a server, or a network device and so on) to perform
all or part of the operations described in the various im-
plementations of the present disclosure. The memory in-

10

15

20

25

30

35

40

45

50

55

13

cludes various medium capable of storing program
codes, such as a universal serial bus (USB), a read-only
memory (ROM), a random access memory (RAM), a re-
movable hard disk, Disk, compact disc (CD), or the like.
[0107] It will be understood by those of ordinary skill in
the art that all or a part of the various methods of the
implementations described above may be accomplished
by means of a program to instruct associated hardware,
the program may be stored in a computer readable mem-
ory, which may include a flash memory, a ROM, a RAM,
Disk or CD, and so on.

Claims

1. Anantenna routing method, applicable to a user ter-
minal equipment, the user terminal equipment com-
prising a plurality of antenna groups distributed
around a periphery of the user terminal equipment,
each antenna group comprising two antennas, and
two antennas in each antenna group being different
in polarization direction, the method comprising:

enabling (S401) two antennas in any one anten-
na group of the plurality of antenna groups and
enabling one antenna in each of two antenna
groups adjacent to the any one antenna group
respectively, and measuring a first signal quality
of the antennas enabled, to obtain a plurality of
first signal qualities; and

determining (S402), according to the plurality of
first signal qualities, a set of antennas with the
optimal first signal quality, to receive or transmit
radio frequency signals.

2. The method of claim 1, further comprising:
before enabling the two antennas in the any one an-
tenna group of the plurality of antenna groups and
enabling one antenna in each of two antenna groups
adjacent to the any one antenna group respectively,
and measuring the first signal quality of the antennas
enabled,

enabling one antenna in each of the plurality of
antenna groups;

measuring a plurality of second signal qualities;
and

starting an initial connection mode to receive or
transmit radio frequency signals according to
the plurality of second signal qualities, wherein
in the initial connection mode is one antenna in
each antenna group corresponding to the opti-
mal second signal quality determined from the
plurality of second signal qualities.

3. The method of claim 2, wherein enabling the two
antennas in the any one antenna group of the plu-
rality of antenna groups and enabling one antenna
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in each of two antenna groups adjacent to the any
one antenna group respectively comprises:
disabling two antennas in any one antenna group of
the plurality of antenna groups, and enabling a dis-
abled antenna in an antenna group in the middle
among remaining antenna groups that are not disa-
bled.

The method of claim 3, wherein disabling two anten-
nas in any one antenna group of the plurality of an-
tenna groups, and enabling the disabled antenna in
the antenna group in the middle among the remain-
ing antenna groups that are not disabled comprises:

disabling two antennas in any one antenna
group of the plurality of antenna groups and en-
abling a disabled antenna in a target antenna
group, in turn in a preset direction, wherein the
target antenna group is an antenna group in the
middle among remaining antenna groups that
are not disabled; and

starting the initial connection mode, after ena-
bling the disabled antenna in the target antenna
group and measuring a current signal quality.

The method of claim 1, further comprising:

after determining, according to the plurality of first
signal qualities, the set of antennas with the optimal
first signal quality, to receive or transmit radio fre-
quency signals,

disabling an enabled antenna adjacent to a first
side of the any one antenna group, enabling a
disabled antenna in an antenna group adjacent
to a second side of the any one antenna group,
and measuring and recording a current second
signal quality;

disabling an enabled antenna adjacent to the
second side of the any one antenna group, en-
abling a disabled antenna in an antenna group
adjacent to the first side of the any one antenna
group, and measuring and recording a current
second signal quality; and

determining optimal two antenna groups ac-
cording to the current second signal qualities.

The method of claim 5, further comprising:
before disabling one antenna adjacent to the first
side of the any one antenna group, and enabling the
other antenna in the antenna group adjacent to the
second side of the any one antenna group,

detecting and recording a first signal quality of
the optimal set of antennas;

switching to the other antenna from one antenna
adjacent to the first side of the any one antenna
group, and measuring and recording a first sig-
nal quality; and/or
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switching to the other antenna from one antenna
adjacent to the second side of the any one an-
tennagroup, and measuring and recording afirst
signal quality; and

comparing the first signal qualities to determine
a set of antennas with the optimal first signal
quality.

The method of claim 1, wherein enabling the two
antennas in the any one antenna group of the plu-
rality of antenna groups and enabling one antenna
in each of two antenna groups adjacent to the any
one antenna group respectively comprises:

enabling a previous set of antennas with the op-
timal signal quality;

measuring a signal quality of the previous set of
antennas with the optimal signal quality; and
enabling the other antenna in an antenna group
to which one enabled antenna at one side in the
previous set of antennas with the optimal signal
quality belongs and enabling one antenna in a
disabled antenna group adjacent to the antenna
group to which one enabled antenna at one side
belongs, and disabling one antenna in an anten-
na group with two enabled antennas adjacent
to the antenna group to which one enabled an-
tenna at one side belongs and disabling one en-
abled antenna at the other side in the previous
set of antennas with the optimal signal quality.

8. The method of any of claims 1-7, further comprising:

after determining, according to the plurality of
first signal qualities, the set of antennas with the
optimal first signal quality, to receive or transmit
radio frequency signals,

enabling a suboptimal setof antennas according
to the plurality of first signal qualities when the
user terminal equipment is disconnected and
then reconnected to a network.

9. A user terminal equipment, comprising:

a radio frequency front end module (910) con-
figured to control antennas to receive and trans-
mit radio frequency signals;

a plurality of antenna groups (920) distributed
around a periphery of the user terminal equip-
ment, wherein each antenna group comprises
two antennas;

at least one processor; and

a non-transitory computer readable storage
coupled to the at least one processor (930) and
storing at least one computer executable in-
struction thereon which, when executed by the
at least one processor (930), causes the at least
one processor (930) to:
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enable two antennas in any one antenna group
of the plurality of antenna groups (920) and en-
able one antenna in each of two antenna groups
adjacent to the any one antenna group respec-
tively, measure a signal quality of the antennas
enabled, repeat the above for at least two of the
plurality of antenna groups (920) to obtain a plu-
rality of signal qualities, and determine a set of
antennas with the optimal signal quality accord-
ing to the plurality of signal qualities to receive
or transmit radio frequency signals, when the
antennas receive and transmit radio frequency
signals.

The user terminal equipment of claim 9, wherein the
at least one processor (930) is further configured to:

enable one antenna in each of the plurality of
antenna groups (920);

measure a plurality of second signal qualities;
and

start an initial connection mode to receive or
transmit radio frequency signals according to
the plurality of second signal qualities, wherein
the initial connection mode is one antenna in
each antenna group corresponding to the opti-
mal second signal quality determined from the
plurality of second signal qualities.

The user terminal equipment of claim 10, wherein
the atleast one processor (930) configured to enable
the two antennas in the any one antenna group of
the plurality of antenna groups (920) and enable one
antenna in each of two antenna groups adjacent to
the any one antenna group respectively is configured
to:

disable two antennas in any one antenna group of
the plurality of antenna groups (920), and enable a
disabled antenna in an antenna group in the middle
among remaining antenna groups that are not disa-
bled.

The user terminal equipment of claim 11, wherein
the atleastone processor (930) configured to disable
two antennas in any one antenna group of the plu-
rality of antenna groups (920), and enable the disa-
bled antenna in the antenna group in the middle
among the remaining antenna groups that are not
disabled is configured to:

disable two antennas in any one antenna group
of the plurality of antenna groups (920) and en-
able a disabled antenna in a target antenna
group, in turn in a preset direction, wherein the
target antenna group is an antenna group in the
middle among remaining antenna groups that
are not disabled; and

start the initial connection mode after enabling
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the disabled antenna in the target antenna group
and measure a current signal quality.

13. The user terminal equipment of claim 9, wherein the

at least one processor (930) is further configured to:

disable an enabled antenna adjacent to a first
side of the any one antenna group, enable a
disabled antenna in an antenna group adjacent
to a second side of the any one antenna group,
and measure andrecord a current second signal
quality;

disable an enabled antenna adjacent to the sec-
ond side of the any one antenna group, enable
a disabled antenna in an antenna group adja-
cent to the first side of the any one antenna
group, and measure and record a current sec-
ond signal quality; and

determine optimal two antenna groups accord-
ing to the current second signal qualities.

14. The user terminal equipment of claim 13, wherein

the atleast one processor (930) is further configured
to:

detect and record a first signal quality of the op-
timal set of antennas;

switch to the other antenna from one antenna
adjacent to the first side of the any one antenna
group, and measure and record a first signal
quality; and/or

switch to the other antenna from one antenna
adjacent to the second side of the any one an-
tenna group, and measure and record a first sig-
nal quality; and

compare the first signal qualities to determine a
set of antennas with the optimal first signal qual-

ity.

15. An electronic device (1000), comprising:

at least one processor (1010);

a communication interface (1030); and

a non-transitory computer readable storage
(1020) coupled to the at least one processor
(1010) and storing at least one computer exe-
cutable instruction (1021) thereon which, when
executed by the at least one processor (1010),
causes the at least one processor (1010) to:

enable two antennas in any one antenna
group of a plurality of antenna groups of the
electronicdevice (1000) and enable one an-
tenna in each of two antenna groups adja-
cent to the any one antenna group respec-
tively, and measure a first signal quality of
the antennas enabled, to obtain a plurality
of first signal qualities, wherein the plurality



29 EP 3 855 636 A1

of antenna groups are distributed around a
periphery of the electronic device (1000),
each antenna group comprises two anten-
nas, and two antennas in each antenna
group are different in polarization direction;
and

determine, according to the plurality of first
signal qualities, a set of antennas with the
optimal first signal quality, to receive or
transmit radio frequency signals.
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